Abstract Vittarioid ferns compose a well-supported clade of 100-130 species of highly simplified epiphytes in the family Pteridaceae. Generic circumscriptions within the vittarioid clade were among the first in ferns to be evaluated and revised based on molecular phylogenetic data. Initial analyses of rbcL sequences revealed strong geographic structure and demonstrated that the two largest vittarioid genera, as then defined, each had phylogenetically distinct American and Old World components. The results of subsequent studies that included as many as 36 individuals of 33 species, but still relied on a single gene, were generally consistent with the early findings. Here, we build upon the previous datasets, incorporating many more samples (138 individuals representing 72 species) and additional plastid markers (atpA, chlN, rbcL, rpoA). Analysis of our larger dataset serves to better characterize known lineages, reveals new lineages, and ultimately uncovers an underlying geographic signal that is even stronger than was previously appreciated. In our revised generic classification, we recognize a total of eleven vittarioid genera. Each genus, including the new genus Antrophyopsis (Benedict) Schuettp., stat. nov., is readily diagnosable based on morphology, with micromorphological characters related to soral paraphyses and spores complementing more obvious features such as venation and the distribution of sporangia. A key to the currently recognized vittarioid genera, brief generic descriptions, and five new species combinations are provided. Keywords Africa; epiphytes; paraphyses; phylogeny; pteridophytes; spores; taxonomic revision Supplementary Material Electronic Supplement ( 
INTRODUCTION
In ferns, as in most branches of the tree of life, phylogenetic analyses of molecular data have greatly improved our ability to identify natural groupings that are subsequently reflected in classifications grounded in the principle of monophyly (Smith & al., 2006; Rothfels & al., 2012; Christenhusz & Chase, 2014) . In some cases, the results of such analyses are consistent with earlier notions of relationships inferred from morphological features (Schneider & al., 2009) . However, in many other instances, lineages are revealed that are morphologically confounding and we struggle to identify synapomorphies (Sundue & Rothfels, 2014) . The pursuit of such defining characteristics is especially problematic when working within a group possessing very limited morphological disparity.
The well-defined vittarioid fern clade consists of 100-130 (Lindsay, 2003) highly simplified and predominantly epiphytic species (Fig. 1 ). These plants, characterized by the presence of silica bodies (Sundue, 2009 ) but a lack of sclerenchyma (Bower 1928; Ruhfel & al., 2008) , were long regarded as composing a distinct family-Vittariaceae (Ching, 1940; Tryon & Tryon, 1982; Kramer, 1990) . However, phylogenetic analyses have demonstrated that these ferns nest well within the Pteridaceae Hasebe & al., 1995; Prado & al., 2007; Schuettpelz & al., 2007) , as sister to the genus Adiantum L. (Lu & al., 2012; Rothfels & Schuettpelz, 2014; Pryer & al., 2016) .
The vittarioids have been variously partitioned through time (Benedict, 1911; Williams, 1927; Copeland, 1947) . In the years leading up to the first molecular phylogenetic analyses of these ferns, six genera were commonly recognized based primarily on leaf division, venation, and the distribution of 2016: 708-722 sporangia (Tryon & Tryon, 1982; Kramer, 1990) . The monotypic Rheopteris Alston was considered to be unique (among vittarioids) based on its pinnately divided leaves and round sori (Fig. 1E) . The small genus Hecistopteris J.Sm. was also easily segregated based on its minute, forked or lobed leaves (Fig.  1B) . The remaining genera were characterized by the presence of simple leaves. Among them, the monotypic Anetium Splitg. was readily separated from other vittarioids by having sporangia on its abaxial leaf surfaces that are not restricted to the veins. Vittaria Sm., with 50-80 species recognized at the time (Kramer, 1990) , was defined as having sporangia confined to submarginal commissures (Fig. 1H) . Antrophyum Kaulf. was applied to those species (about 50) with pluriseriate areolate venation (Fig. 1G ) and sporangia following the veins (not confined to submarginal commissures; Fig. 1I ). Finally, Monogramma Comm. ex Schkuhr consisted of a handful of diminutive species with sporangia borne along the singular leaf vein, or the lateral vein(s), if present (Fig. 1K) .
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Generic circumscriptions within vittarioids were among the first in ferns to be evaluated and revised based on molecular phylogenetic data. Although initial analyses of rbcL sequences included only species of four of the six genera widely recognized at the time (Rheopteris and Monogramma were not sampled), they already revealed a significant lack of monophyly at the generic level. Specifically, Vittaria was demonstrated to include four distinct elements and Antrophyum three. A new phylogenetically based, and morphologically defensible, classification was thus proposed that divided Vittaria and Antrophyum (sensu Tryon & Tryon, 1982; Kramer, 1990) into four genera (Ananthacorus Underw. & Maxon, Haplopteris C.Presl, Radiovittaria (Benedict) E.H.Crane, Vittaria) and three genera (Antrophyum, Polytaenium Desv., Scoliosorus T.Moore), respectively (Crane, 1997) . Names existed at the generic level for each of these segregates, with one exception for which a subgeneric name was elevated (Radiovittaria). Crane's (1997) classification relied heavily on micromorphological characters, focusing specifically on spore type and the shape of the apical cells of the soral paraphyses ( Fig. 1L-N) , but also considered gross morphology and geography. Of the species with sporangia confined to submarginal commissures (formerly placed in Vittaria), Ananthacorus was readily segregated based on its pluriseriate areolate venation (all other elements had biseriate areolate venation), Vittaria was restricted to taxa with soral paraphyses having slender apical cells, and species with obconic apical cells were further divided based on their phyllotaxy (distichous in Haplopteris and polystichous in Radiovittaria). Of the species with pluriseriate areolate venation and sporangia following the veins (not confined to submarginal commissures; formerly placed in Antrophyum), those lacking soral paraphyses were placed in Polytaenium and those having paraphyses were placed in Antrophyum or Scoliosorus (depending on whether their spores were trilete or monolete, respectively).
Subsequent phylogenetic studies (Schuettpelz & al., 2007; Ruhfel & al., 2008) included the previously unsampled genera Rheopteris and Monogramma. The monotypic Rheopteris and some species of Monogramma (as then defined) were together found to be sister to the remaining vittarioids; other species of Monogramma were resolved elsewhere within the vittarioid phylogeny. Ruhfel & al. (2008) advocated for the application of the existing name Vaginularia Fée to those species formerly treated in Monogramma that were most closely related to Rheopteris. Lindsay & Chen (2014) placed another species formerly treated in Monogramma in Haplopteris, noting that the type species of Monogramma had other affinities. Recent analyses focused attention on relationships within the two largest vittarioid genera-Haplopteris and Antrophyum (Chen & al., 2013a (Chen & al., , b, 2015 . However, a well-sampled study of the overall vittarioid phylogeny, based on multiple molecular markers, has yet to be published.
Here, we build upon the earlier analyses of vittarioid fern relationships by incorporating many more samples and additional plastid markers. Analysis of our larger dataset serves to better characterize known lineages, reveals new lineages, and ultimately uncovers an underlying geographic signal that is even stronger than was previously recognized.
MATERIALS AND METHODS
The ingroup sampling for this study comprised 138 individuals of 72 vittarioid species (Appendix 1). An effort was made to include as many species as possible, but also to sample from across the ranges of the more widespread species. In general, no more than one individual of a given species was sampled from a particular country. However, if representatives were only obtainable from a single country, two individuals were included from that country (as available). In addition to the 138 vittarioid samples, 7 individuals representing 7 species from across Adiantum (Appendix 1) were included to root the vittarioid phylogeny, based on earlier studies that found a sister relationship between Adiantum and the vittarioids (Schuettpelz & al., 2007; Lu & al., 2012; Rothfels & Schuettpelz, 2014; Pryer & al., 2016) .
Genomic DNA was typically extracted from silica-dried samples (most individuals) or herbarium fragments using a modified CTAB protocol (Doyle & Doyle, 1987) , as described in detail in Beck & al. (2011) . Four plastid gene regions (atpA, chlN, rbcL, rpoA) were amplified independently using the polymerase chain reaction (PCR). Nuclear gene sequencing within ferns is challenging (Schuettpelz & al., 2008) and nuclear markers were not included here. However, with the greater availability of transcriptome data and next-generation sequencing approaches, the landscape is changing (Rothfels & al., 2015) .
For atpA, either a large region (including the entire atpA gene, plus portions of the atpF and trnR genes and the associated spacers) or a small region (including only a portion of the atpA gene) was targeted, depending mostly on the quality of each genomic DNA extraction. For the larger region, the primers (Table 1 ) and amplification protocol of Schuettpelz & al. (2006) were utilized, whereas for the smaller region, the primers (Table 1) (Table 1) , but the amplification protocol of Cochran & al. (2014) was followed. For rbcL, a large segment of the gene was generally amplified (following Schuettpelz & Pryer, 2007) ; however, in some cases it was necessary to amplify this segment in two parts due to the quality of the genomic DNA extraction. For rpoA (a plastid gene coding for the RNA polymerase alpha subunit), primers were again newly developed (Table 1 ) and the protocol of Cochran & al. (2014) was followed, except that the annealing temperature was reduced to 45°C. Visualization and cleanup of PCR products, as well as sequencing, followed previously published protocols (Schuettpelz & al., 2006; Schuettpelz & Pryer, 2007; Cochran & al., 2014) . For some individuals, sequences were already published and a total of 110 sequences were thus simply downloaded from GenBank. Because of failed amplification or sequencing reactions, 55 sequences could not be obtained, but a total of 415 sequences were newly acquired for this study and uploaded to GenBank (Appendix 1).
For each plastid gene region, the relevant sequences were assembled in AliView v.1.17 (Larsson, 2014) and initially aligned therein with MUSCLE v.3.8 (Edgar, 2004) . The resulting alignments were then visually inspected, and manually edited with the guidance of corresponding amino acid translations. Because the atpA sequences obtained were of two distinct lengths (resulting in copious amounts of missing data in the alignment for some taxa) and also because the longer sequences incorporated non-coding flanking regions (where alignment was frequently ambiguous), the characters outside of the shorter targeted region were excluded. Details relevant to the datasets are provided in Table 2 .
The four single-gene alignments were independently subjected to phylogenetic analysis in MrBayes v.3.2.1 (Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck, 2003) using the GTR + G model of sequence evolution and a temperature of 0.05. Analyses incorporated four independent runs, each with four chains, proceeded for 10 million generations, and sampled trees every 8000 generations. After completion, output files were examined for reasonable chain swap rates. To 2016: 708-722 verify that the runs had converged, the standard deviation of split frequencies was evaluated; additionally, parameter estimates were plotted and ESS values examined in Tracer v.1.6 (Rambaut & al., 2014) . Based on these diagnostics, the first 250 trees (corresponding to the first 2 million generations) were very conservatively excluded before obtaining a majority-rule consensus phylogeny-with clade posterior probabilities-for each plastid gene region. The four single-gene trees were rooted at the split between Adiantum and vittarioids and inspected visually for well-supported (posterior probability, PP ≥ 0.95) topological differences. Only three significant topological differences were encountered among the four gene trees, all involving shallow branches. While atpA supported the monophyly of the two included samples of Haplopteris humblotii (Hieron.) S.Linds. & C.W. Chen (9345, 9346) Because the aforementioned conflicts were all inconsequential to the primary objectives of this study, the atpA, chlN, rbcL, and rpoA datasets were combined for further analysis.
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The combined dataset was phylogenetically analyzed using a maximum likelihood approach, as implemented in RAxML v.8.0.3 (Stamatakis, 2014) . This analysis employed the GTRGAMMA model of sequence evolution, with parameters independently estimated for each gene, and involved 1000 rapid bootstrap inferences followed by a thorough maximum likelihood search. The combined dataset was also analyzed using the Bayesian approach described above for the single-gene alignments, but with model parameters estimated separately for each gene and each run proceeding for 40 million generations. Here, trees were sampled every 32,000 generations and convergence was assessed as above; the first 8 million generations were excluded prior to calculating the majority-rule consensus phylogeny with clade posterior probabilities.
For each vittarioid species in our dataset, we assessed leaf venation pattern, the apical cell shape of soral paraphyses, spore type, geographic distribution, and, as applicable, other morphological features by examining herbarium specimens and the relevant literature.
RESULTS
The monophyly of the vittarioids-relative to Adiantumis strongly supported, with a maximum likelihood bootstrap percentage (BS) of 100 and a Bayesian posterior probability (PP) of 1.00 (node 1, Fig. 2 ). Within vittarioids, the first divergence is highly asymmetrical with regard to species number. The smaller clade (BS = 100; PP = 1.00; node 2, Figs. 2, 3) is characterized by free venation (pinnately compound or indistinct pinnate) and trilete spores. It consists exclusively of species from Asia and the Pacific Ocean and unites the only vittarioid genus with compound leaves (Rheopteris) with some of the most morphologically simplified species (treated here in Vaginularia). The larger vittarioid clade (BS = 100; PP = 1.00; node 3, Figs. 2, 3) consists primarily of simple-leaved species with reticulate venation but is otherwise morphologically variable. Within this larger clade, a rather symmetrical divergence separates two subclades of approximately equal size. One subclade (BS = 100; PP = 1.00; node 4, Figs. 2, 3) is characterized by paraphyses with obconic apical cells and consists almost entirely of species with biseriate areolate leaf venation. The other subclade (BS = 98; PP = 1.00; node 5, Figs. 2, 3) does not have an obvious unifying morphological feature, but includes all of the species with pluriseriate areolate leaf venation (along with six sampled species possessing biseriate areolate venation and one with parallel free veins). Within the two aforementioned subclades, a consistent biogeographic pattern emerges, with each containing a well-supported American lineage sister to a well-supported Old World lineage. In each of the two Old World lineages, there is, in turn, an African / Indian Ocean group sister to a largely Asian / Pacific Ocean group (the latter with one or a few derived African / Indian Ocean representatives).
Overall, relationships within the vittarioids are reasonably well supported. Of 136 resolved nodes, 106 received good support (i.e., BS ≥ 70 and PP ≥ 0.95; Electr. Suppl.: Fig. S1 ). Nearly all (29 of 30) poorly supported nodes involve relationships among species within genera. In most (38 of 42) cases where more than one sample of a species was available for sequencing, species were resolved as monophyletic (36 of 42 received good support; Electr. Suppl.: Fig. S1 ).
DISCUSSION
Phylogeny. -The earliest molecular phylogenetic study of vittarioid ferns found the two largest genera, as commonly circumscribed at the time (Antrophyum, Vittaria), to be polyphyletic. This motivated a revised classification for the group (Crane, 1997) that was able to accommodate the goal of only recognizing monophyletic genera simply through the 
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Vittaria graminifolia 9049 1   3  3  3  3  3  3  3  3  3  3  3  3  3  3  3   3  3  3  3  3 Nevertheless, this more recent study included only 33 vittarioid species and also relied on a single gene (rbcL). Important parts of the family were therefore left out and, although genera (as then sampled) were typically well supported as monophyletic, some generic circumscriptions and relationships remained rather uncertain. The present study, incorporating 72 species (well over half of vittarioid diversity) and many more plastid characters, provides considerable new insight. Our phylogeny (Figs. 2, 3 ; Electr. Suppl.: Fig. S1 ) reveals strong support for the monophyly of Antrophyum, Radiovittaria, and Vittaria, as circumscribed by Crane (1997) . Four additional genera in our analysis are either monotypic (Ananthacorus, Anetium, Rheopteris) or represented by a single species (Hecistopteris). However, the four remaining genera in Crane's classification (Haplopteris, Monogramma, Polytaenium, Scoliosorus) are herein resolved as being either paraphyletic or polyphyletic (Fig. 3) .
As in Ruhfel & al. (2008) , we find most of Monogramma sensu Crane (1997) to be sister to Rheopteris, but we here resolve the remainder of the genus in not one, but two different places within Haplopteris sensu Crane (1997) . Specifically, we resolve an Asian / Pacific Ocean species (M. dareicarpa Hook.) within a mostly Asian / Pacific Ocean clade of Haplopteris, whereas the African / Indian Ocean species (M. graminea (Poir.) Schkuhr, the type of Monogramma) is sister to a purely African / Indian Ocean Haplopteris clade (Fig. 3) . Scoliosorus also appears in more than one place in our phylogeny. The American species (S. ensiformis (Hook.) T.Moore, the type of Scoliosorus) is strongly supported as sister to the monotypic American genus Ananthacorus, whereas three African / Indian Ocean species previously placed in Scoliosorus form a clade sister to Antrophyum (Fig. 3) . Finally, we resolve Polytaenium as paraphyletic relative to the monotypic Anetium.
Taxonomic implications. -It is our opinion that supraspecific taxa ought to be monophyletic, morphologically distinguishable, and stable. Although we understand that many existing taxa (in ferns and in other groups) fail to meet one or more of these criteria, it is our hope that by prioritizing monophyly and then diagnosability in our taxonomic revisions, we can simultaneously accomplish the goal of long-term stability (despite some requisite changes in the short-term). In this taxonomic revision of vittarioid ferns, we recognize only monophyletic genera. We also prioritize diagnosability, but we attempt to strike a balance with stability by minimizing changes relative to earlier classifications. We pay special attention to well-established monotypic genera (of which there are several in the vittarioid fern clade) and consider the merits of maintaining these taxa versus merging them with another genus.
The monotypic Rheopteris, with its compound leaves and round sori (Fig. 1E) , is unquestionably the least reduced and most distinctive vittarioid element. In this study, we find it to be sister to some of the most reduced species (previously treated in Monogramma), to which the name Vaginularia has been (and is) applied (see below). Although Rheopteris shares some characteristics with this group (e.g., free venation and trilete spores), we see no compelling reason to merge the two genera.
The monotypic Ananthacorus is also very distinct, being the only vittarioid genus with pluriseriate areolate venation and sporangia that are restricted to submarginal commissures. Its closest relative (Scoliosorus ensiformis), although possessing the same venation and spore type, has differently shaped cells at the apices of its soral paraphyses and sporangia that are not restricted to submarginal commissures. We therefore favor the continued recognition of Ananthacorus (as well as Scoliosorus; see further discussion below).
Anetium, the third monotypic vittarioid genus following the circumscriptions of Crane (1997) , has traditionally been segregated based solely on the presence of sporangia between its leaf veins. But, in all other characters this taxon fits nicely within Crane's (1997) definition of Polytaenium. Most notably, these two genera lack paraphyses, which are present in all other vittarioids. In our analysis, we resolve Anetium within Polytaenium (Fig. 3) ; convincing support for the paraphyly of Polytaenium is not present, but taking into account morphology (and the seemingly impossible task of subdividing Polytaenium), we feel the inclusion of Anetium within Polytaenium is warranted.
Hecistopteris is not monotypic but, to date, only the most common (of three; Moran & Øllgaard, 1995; Kelloff & McKee, 1998) species (H. pumila (Spreng.) J.Sm.) has been included in phylogenetic analyses. In our study (as in Ruhfel & al., 2008) , it is well supported as sister to Radiovittaria (Fig. 3) . Although these two genera both have paraphyses with obconic apical cells, this characteristic is also found in Haplopteris and some species previously placed in Monogramma. Additionally, whereas Radiovittaria has biseriate areolate venation and monolete spores, Hecistopteris has forked free venation and trilete spores. Thus, we maintain these genera as distinct. Fig. 3 . Vittarioid fern phylogeny, with key morphological features and geographical distributions provided for each sampled species. Phylogeny is based on maximum likelihood analysis of a four-gene (atpA, chlN, rbcL, rpoA) plastid dataset incorporating 138 ingroup individuals (see Fig. 2 ). Solid branches in tree received good support (i.e., BS ≥ 70 and PP ≥ 0.95); dotted branches were poorly supported (i.e., BS < 70 or PP < 0.95). White numbers in black circles at nodes correspond to major clades / subclades discussed in the text. Samples of a given species that shared the same broad distribution were reduced to a single terminal when well supported as monophyletic (number of samples attributed to a particular terminal provided in parentheses, if more than one; see Fig. 2 for non-reduced tree and Fig. S1 [Electr. Suppl.] for support values). Note that species names in tree follow the generic classification proposed herein (to the right of brackets); generic assignments sensu Crane (1997) , indicated by letters (to the left of brackets) are provided to facilitate discussion. Our results also support the continued recognition of Vittaria as circumscribed by Crane (1997) . This small, mostly American genus is well supported as monophyletic and easily recognized by the combination of biseriate areolate venation and soral paraphyses with slender apical cells.
Monogramma, as circumscribed by Crane (1997) , and previously by Kramer (1990) , includes those vittarioid species with minute simple leaves having a single vein and sometimes also a few indistinct lateral veins. However, the earliest phylogenetic studies to include members of this genus (Schuettpelz & al., 2007; Ruhfel & al., 2008) indicated that it was polyphyletic, with apparently three independent reductions in morphological complexity. Ruhfel & al. (2008) noted that one distinct element corresponded to (and included the type of) the sometimes segregated genus Vaginularia (Lindsay, 2003) . Our analysis also favors the recognition of Vaginularia and finds it to be strongly supported (BS = 100; PP = 1.00; Figs. 2, 3 ) as sister to Rheopteris. Notably, Vaginularia has soral paraphyses with slender apical cells, whereas all other elements previously treated in Monogramma sensu Crane (1997) have paraphyses with obconic apical cells. Vaginularia can also be distinguished based on its lateral veins, although these are usually indistinct (unless cleared with bleach; Ruhfel & al., 2008) .
The second element of Monogramma uncovered in the Ruhfel & al. (2008) analysis consisted only of M. dareicarpa, which was shown to be firmly embedded in the genus Haplopteris. These authors suggested that the type of Monogramma (M. graminea) was likely also to be resolved here and pointed to the potential need to synonymize Haplopteris (the younger name), based on priority, in Monogramma. However, Lindsay & Chen (2014) later argued (citing unpublished data) that M. graminea is only distantly related to M. dareicarpa; the authors thus only provided a new combination for M. dareicarpa in Haplopteris. As it turns out, published data already existed to suggest that M. graminea and M. dareicarpa were not closely related. Although the two species had not been analyzed together, their phylogenetic affinities were divergent (Schuettpelz & al., 2007; Ruhfel & al., 2008) .
Our analysis (Figs. 2, 3) includes Monogramma dareicarpa and M. graminea simultaneously for the first time and clearly demonstrates that although both are allied to Haplopteris, they occupy rather different phylogenetic positions. The Asian / Pacific Ocean M. dareicarpa is closely related to the H. ensiformis (Sw.) E.H.Crane and H. elongata (Sw.) E.H.Crane groups within a diverse clade of predominantly Asian / Pacific Ocean Haplopteris species. The African / Indian Ocean M. graminea, on the other hand, is resolved as sister to a smaller, exclusively African / Indian Ocean clade of Haplopteris (Fig. 3) . These two geographically divergent clades of Haplopteris / Monogramma also deviate in their typical spore type, with species belonging to the former (Asian / Pacific Ocean) clade generally having monolete spores (H. malayensis, with trilete spores, is the exception; Fig. 3) , and species belonging to the latter (African / Indian Ocean) clade having trilete spores. However, because neither the geographical nor morphological differences are consistent among these clades, we here favor recognizing them as a single genus. The type of Haplopteris (H. scolopendrina (Bory) C.Presl) and that of Monogramma (M. graminea) are both resolved therein (Figs. 2,  3) . Monogramma is the older name (published in 1809 versus 1836 for Haplopteris) and, based simply on the principle of priority, the correct name. That said, the vast majority of the perhaps 40 species in this group are currently treated in Haplopteris; only two have ever been placed in Monogramma. For the sake of stability, we therefore propose the conservation of Haplopteris over Monogramma (Chen & al., 2016) and we use Haplopteris as the genus name in our figures, key, and list of recognized genera herein. Of course, should our proposal fail, "Haplopteris" would need to be replaced with "Monogramma" in these instances.
Antrophyum was circumscribed by Crane (1997) to include all Old World vittarioids with pluriseriate areolate venation and trilete spores. Old World vittarioids with pluriseriate areolate venation and monolete spores were treated in Scoliosorus. In our analysis, we find strong support (BS = 100; PP = 1.00; Figs. 2, 3) for Crane's (1997) definition of Antrophyum. However, the situation is somewhat more complicated for those species previously placed in Scoliosorus. We find the only American species of Scoliosorus (S. ensiformis), which is also the type, to be sister to the American genus Ananthacorus (BS = 100; PP = 1.00; Figs. 2, 3) . A newly redefined Scoliosorus would therefore be monotypic; although Ananthacorus is also monotypic, there is little morphological basis for combining it with Scoliosorus. The three other species of Crane's (1997) Scoliosorus sampled here are all from Africa and the Indian Ocean and they form a well-supported clade (BS = 100; PP = 1.00) that is most closely related to Antrophyum (BS = 100; PP = 1.00; Figs. 2, 3 ). Because these three African / Indian Ocean species differ from Antrophyum in having monolete (rather than trilete) spores and also have a disparate distribution (Antrophyum is essentially an Asian / Pacific Ocean genus), we feel that genus-level separation is warranted. Here, we place the African / Indian Ocean species in Antrophyopsis (Benedict) Schuettp., based on Antrophyum subg. Antrophyopsis of Benedict (1907) .
Taxonomic summary. -In all, we support the recognition of eleven vittarioid genera: Ananthacorus, Antrophyopsis, Antrophyum, Haplopteris, Hecistopteris, Polytaenium, Radiovittaria, Rheopteris, Scoliosorus, Vaginularia, and Vittaria. Each of these is readily diagnosable based on morphology (see key to genera and brief generic descriptions below), with micromorphological characters related to paraphyses and spores generally complementing more obvious features such as venation and the distribution of sporangia. Compared to the most recent near-comprehensive treatment (Crane, 1997) , the circumscriptions of five genera (Ananthacorus, Antrophyum, Hecistopteris, Radiovittaria, Vittaria) 
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